Although exercise ECG testing has been shown to have important prognostic value after acute myocardial infarction, exercise 20`TI scintigraphy offers several potential advantages, including: 1) increased sensitivity for detecting residual myocardial ischemia; 2) the ability to localize ischemia to a specific area or areas subtended by a specific coronary artery; 3) the ability to identify exercise-induced left ventricular dysfunction, which is manifested by increased lung uptake or transient left ventricular dilation; and 4) more reliable risk stratification of individual patients. The more optimal prognostic efficiency of 201T1 scintigraphy partially results from the fact that the error rate in falsely classifying patients as low risk is significantly smaller with`'"TI scintigraphy than with stress ECG. Because of these substantial advantages, there seems to be adequate rationale for recommending exercise perfusion imaging rather than exercise ECG alone as the preferred method for evaluating mortality and morbidity risks after acute myocardial infarction. (Circulation 1991;84[suppl 11:1-148-1-162) 
M oyocardial perfusion imaging with 201TI is an established noninvasive technique that is now the most widely used nuclear cardiology procedure for assessing alterations in myocardial blood flow in the clinical setting. When performed in conjunction with exercise stress testing, it offers a unique means of diagnostic evaluation in patients with suspected or known coronary artery disease.1,2 Indeed, no other conventional clinical technique can provide similar quantitative information about nutrient blood flow reserve at the myocapillary level. Moreover, several laboratories have independently demonstrated that stress-redistribution 201Tl imaging yields highly relevant incremental prognostic data. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] This article will examine the use of planar exercise 201T1 imaging in asymptomatic patients recovering from acute uncomplicated myocardial infarction (MI). 20 Although the approach to the acute MI patient has changed substantially in recent years with the advent of thrombolytic therapy, the goals and principles of predischarge risk stratification learned from conservatively treated MI patients are still quite relevant. Consequently, this article will cover five basic areas. First, we will review some basic principles of risk stratification and describe why coronary arteriography may not always be the definitive prognostic test. Second, we will describe the pathophysiological basis underlying each of the abnormalities detected with 201TI imaging to understand why these variables might provide prognostic information. Third, we will summarize several of the more salient limitations of exercise ECG and illustrate how many of these limitations can be overcome by performing 201T1 scintigraphy in conjunction with exercise testing. Fourth, we will review the prognostic value of predischarge 201T1 exercise testing. And last, the limitations of stressredistribution 201T1 scintigraphy and gaps in our knowledge will be discussed. Much of the work to be described was done at the University of Virginia, but comparisons will also be made with work done by other investigators.
Characterization of Ischemic Risk After Uncomplicated Myocardial Infarction
The process of identifying patients with increased mortality and morbidity risks after acute MI is widely accepted because it provides a rational foundation for individualizing diagnostic and therapeutic strategies. 21 ' 22 Such an approach is cost effective23 and has considerable appeal in an era of cost containment. Ideally, postinfarction risk stratification should focus on physiologically meaningful factors that influence outcome, for which effective therapeutic interventions exist. A major goal of risk stratification after acute MI is to identify patients at low risk for future complications. Low-risk status should imply a negligible (i.e., less than 2%) risk of cardiac death during the subsequent year as well as a low probability of recurrent infarction and rehospitalization for medically resistant angina pectoris. Patients assigned to the lowest risk group are candidates for early resumption of normal physical activities and a return to productive lifestyles, including previous employment. In contrast, patients with intermediate or high-risk status should be considered as candidates for additional diagnostic evaluation (e.g., coronary arteriography), as well as for more aggressive medical or surgical treatment in an effort to reduce subsequent morbidity and mortality.
Among asymptomatic patients recovering from acute uncomplicated MI, the presence and extent of inducible ischemia seem to be key predictors of future cardiac events. As such, a technique that can accurately detect and quantify ischemic jeopardy (i.e., the amount of viable myocardium jeopardized by atherosclerotic coronary lesions) represents an appropriate initial test in the predischarge assessment of postinfarction patients with uncomplicated hospital courses. Because physicians must choose between exercise ECG, exercise or dipyridamole stress-redistribution 2OPln imaging, exercise radionucide ventriculography or stress echocardiography, and coronary arteriography, it is important to understand the value and limitations of each of these tests. Ideally, the preferred test is one that provides the most definitive information about a specific risk predictor (e.g., residual ischemia), for which definitive treatment exists (e.g., revascularization) with the fewest complications and lowest cost to the patient. In many instances, the proper choice of which test to perform depends on the local, individual hospital and laboratory expertise.
Coronary Arteriography and the Complementary
Role of 201T1 Scintigraphy Because mortality from coronary artery disease (CAD) can be related to the number of vessels with significant atherosclerotic lesions, the coronary arteriogram has long been used as the standard for evaluating ischemic heart disease. Only recently has it become acceptable among cardiologists to raise the question of whether this invasive assessment of anatomy is always correct in determining whether a patient has functionally important (i.e., flow-limiting) CAD. During the past 5 years, several re-ports4,5,14,15,23-28 have shown that coronary stenotic lesions are only part of the story; data from these studies point out that the functional consequences, induced by exercise stress, of any given anatomic configuration may impinge more on prognosis that the mere number of vessels with stenoses. For example, not all patients with proximal left anterior descending (LAD) disease, observed in conjunction with an acute inferior infarction and occlusion of the right coronary artery (RCA), will behave similarly.15 In some patients exercise stress will produce marked ischemia of the apical, anterolateral, and septal regions, indicating a large amount of myocardium at risk for subsequent infarction. Other patients with a similar anatomy will not demonstrate remote ischemia in the LAD territory and might be expected to do well after recovery from inferior wall infarction. Several groups have now shown that exercise 20MT1 scintigraphy can stratify such patients with multivessel CAD (Figure 1 ) and also those with single-vessel disease into highand low-risk subgroups (Figure 2 ).14 In these studies it has been shown that the amount of ischemic jeopardy seems more important for prognostication than mere delineation of the number and location of coronary artery stenoses.
These observations are not surprising. Although the presence of angiographic CAD establishes an increased risk of cardiac events,29,30 risk seems more specifically related to the presence of a hemodynamically significant lesion that supplies viable myocardium. Angiographically defined anatomic assessment of CAD, particularly qualitative visual analysis, often does not accurately reflect the hemodynamic impact on myocardial blood flow. [31] [32] [33] [34] In contrast, 201T1 uptake reflects relative perfusion independent of anatomic considerations. This may be why normal exercise 201T1 studies, which indicate normal perfusion, so consistently predict a benign outcome, even in the presence of underlying CAD.7'13,19,35-41 
2`1TI Imaging Abnormalities
Several laboratories have independently demonstrated the value of exercise stress-redistribution 201T1 imaging for determining prognosis in patients with CAD. In addition to indicating simply the positive or negative nature of the test,j19'354' these studies have defined a number of key prognostic indicators, including the number of vascular beds involved,45,12"5 relative size of the defect and revers-ibility of hypoperfusion,475 A2 abnormally increased lung uptake,5"3"8 and ischemic left ventricular dilation.43 These factors can be identified qualitatively as well as quantitatively, and the prognostic window can be modulated according to the combination of criteria used. Figure 3 is an example of a normal exercise 201T1 study. There is absence of increased lung uptake of 20`T1; the heart size is small; and there is homogeneous uptake of`T1 in all myocardial segments in all (Reprinted from Gibson et al5 with permission by the American Heart Association, Inc.) views, with homogeneous and good washout. Although visual assessment of 20`T1 images can be accomplished with a reasonable degree of accuracy, computer-assisted analysis of myocardial uptake and washout is clearly superior.44-48
Differentiating Fixed From Reversible Perfusion Defects
A region of myocardium that shows diminished 201TI uptake on the initial postexercise images represents either stress-induced ischemia, myocardial scar, or a mixture of both. To distinguish between these possibilities, delayed images are obtained 2-4 hours later to ascertain whether the initial postexercise defect remains fixed or demonstrates redistribution (i.e., delayed normalization), in which case the defect disappears.49 Areas of scar usually appear as fixed defects (i.e., no redistribution). In contrast, areas of exercise-induced ischemia will show redistribution, with either complete or partial defect resolution. Complete redistribution generally indicates that the entire region of the myocardium showing the initial defect is viable, whereas partial redistribution implies that there is some nonviable tissue in the region of the initial defect ( Figure 4 ).50
Fixed 201T1 defects can also be of several grades, depending on the depth of the initial perfusion abnormality. When uptake is severely reduced, so that there is very little or no discernible 20`T1 activity in both the initial and delayed images, a strong correlation with markers of transmural myocardial scar is usually found. However, when initial defects are not severe (e.g., a 50% or less reduction relative to a normal segment), the lack of redistribution on delayed images does not necessarily exclude the presence of viable, metabolically active tissue.50-54 In many cases, scan segments showing these socalled "mild or moderate" fixed defects will demonstrate metabolic activitysl-53 and improvement in 201T1 uptake and washout after successful percutaneous transluminal coronary angioplasty (PTCA) or coronary artery bypass graft (CABG) surgery.50j4 Some will even show complete normalization after revascularization ( Figure 5 ). Accordingly, it seems incorrect to assume that all fixed 20`TI defects, in the absence of strong corroborating clinical evidence (e.g., extensive Q waves on ECG or pathological thinning and either akinetic or dyskinetic wall motion by echocardiography), always denote transmural myocardial scar formation. Increased Lung Uptake of 201T1 20Tl stress scintigraphy can also provide the clinician with a clue to the existence of significant, albeit subclinical, left ventricular dysfunction. The presence of abnormally increased lung 20`T1 uptake on the initial postexercise anterior projection image has been described in association with exercise-induced ischemia that produces a sudden rise in left ventricular enddiastolic pressure, resulting in interstitial pulmonary edema during peak exercise. When 201T1 is injected during peak exercise, it is sequestered temporarily in the lungs as it traverses the pulmonary circulation because of the abnormally elevated pulmonary capillary pressure. Within 30 minutes after exercise the pulmonary venous pressure returns to baseline, and the increased lung 201T1 activity begins to diminish.
Consistent with clearance of interstitial lung water,55 the increased lung 201TI uptake is no longer evident on the 2-3-hour delayed images ( Figure 6 ).
Regardless of the method of analysis used, increased lung uptake of 20fl1 after exercise has consistently been found to be a marker of depressed left ventricular function and/or severe underlying CAD. The vast majority of patients (>90%) who demonstrate abnormal lung uptake have multivessel CAD or single-vessel disease involving either a dominant circumflex coronary artery or high-grade proximal LAD disease.56-59 Conversely, patients without heart disease almost invariably show normal lung 20fl1 uptake ( Figure 3 ). Because increased lung uptake of 20"l1 indicates a high probability of multivessel CAD (even when it is associated with less extensive perfusion defects) and because it correlates with a higher prevalence of exercise-induced ischemia as well as the presence of left ventricular dysfunction during rest or exercise, it is not surprising that this scintigraphic parameter has been found to have prognostic value.5 '13,18 Transient Left Ventricular Dilation It has been noted that during exercise 20`T1 scintigraphy, the size of the left ventricular cavity is sometimes larger on the immediate post/stress image than on the 2-4-hour redistribution image (Figure 7 ). This phenomena, which has been termed transient ischemic dilation of the left ventricle, correlates significantly with multivessel critical stenosis. 43 It has also been shown that transient left ventricular dilation is more specific than other known markers of severe and extensive CAD, such as the presence of multiple perfusion defects or washout abnormalities involving different vascular beds.
Comparison of Exercise ECG and Exercise

20`T1 Scintigraphy
The use of predischarge exercise ECG in the assessment of patients recovering from acute uncomplicated MI has been the subject of extensive investigation during the past decade. Its safety in selected patients and value in planning cardiac rehabilitation strategies are well established. Moreover, several groups have shown that such testing provides relevant prognostic information on certain patients.
However, in recent years a number of investigators have pointed out certain limitations of predischarge exercise ECG testing in defining the presence of important residual ischemia. The questions posed in these studies have included the following: Does a negative exercise test at a submaximum work load exclude prognostically important ischemia? Is painless ST segment depression always an accurate marker of silent myocardial ischemia? Is predischarge exercise testing useful in identifying patients with incomplete infarction (e.g., non-Q wave infarcts) who are at risk of future coronary events? Value of Exercise Scintigraphy in Patients With a Negative Exercise ECG As Table 1 shows, at least seven studies comprising 843 patients have compared exercise ECG and stressredistribution 20`T1 scintigraphy in patients recovering from acute MI. 5, 14, 6064 When data from these studies are pooled, the frequency of exercise-induced ischemia is almost twofold higher with scintigraphy (29% versus 57%,pp<0.001). The obvious implication of this finding is that many patients with negative ST segment responses to low-level predischarge testing may have important residual myocardial ischemia.
Does the absence of stress-induced angina and/or ST segment depression .0.1 mV exclude prognostically important residual ischemia? This issue was recently addressed by our group in 132 asymptomatic survivors of acute MI.9,65 All patients had negative submaximal exercise tests (target work load of 5 METS), a mean of 10±3 days after onset of infarction, and each underwent quantitative 20`T1 perfusion scintigraphy before hospital discharge. Interestingly, 72 of these 132 patients (55%) with negative exercise tests showed scintigraphic evidence of residual ischemia, either in the infarct zone or in myocardial scan segments remote from the zone of infarction. When clinical outcome of patients with ischemia versus those without ischemia was compared, we found that the former group had a significantly lower event-free survival rate (Figure 8 ). These results indicate that exercise stress-redistribution 201Tl imaging is a valuable adjunct to submaximal exercise testing because its use FIGURE 7. Example of transient ischemic dilation of left ventricular cavity that is most apparent in comparing initial and delayed 450 left anterior oblique (LAO) projection images. Defect analysis reveals evidence of reversible perfusion defect in left anterior descending coronary artety distribution as well as abnormal lung TL-201 uptake. Coronary angiography revealed subtotal occlusions of all three coronary arteries.
can identify a large group of postinfarction patients with prognostically important ischemia who otherwise would not have been detected. Other studies comparing the surface exercise ECG to 20`Tl scintigraphy,1966 radionuclide ventriculography,67-69 positron emission tomography,70 and endocardial or intracoronary ECGs71,72 have all revealed the surface ECG to be relatively less sensitive for ischemia detection.
Results of Exercise 201T1 Scintigraphy in Patients With Painless ST Segment Depression
Until recently, most physicians have assumed that exercise-induced ST segment depression is a reliable marker of residual ischemia in patients recovering from acute MI. This assumption is generally true for patients experiencing angina in conjunction scintigraphy is able to localize ischemia and effectively stratify risk after Q wave and non-Q wave infarction by accurately identifying which patients have myocardium at risk for recurrent ischemia or ST segment depression. However, in our expe-infarction. 5, 9, 12, 14, 15, 23, 63 rience fewer than 50% of patients with painless ST segment depression during predischarge exercise ECG testing show evidence of ischemia by quantitative`01T1 scintigraphic criteria.9 These false positive ECG responses (Figure 9 ) are particularly common among patients with large or moderately large Q wave infarctions resulting from occlusion of the right or left circumflex coronary arteries.
Localization of Ischemia by Exercise Scintigraphy
In contrast to exercise ECG, segmental analysis of "'Tl scintigrams allows one to localize ischemia to a particular area or areas of myocardium subtended by a specific coronary artery.1 Because of this it is possible to distinguish peri-infarction ischemia from ischemia involving myocardial segments in the distri- bution of coronary arteries other than those associated with the acute infarction. This capability is important because numerous studies have shown that the extent of underlying CAD is an important determinant of prognosis in patients recovering from acute MI. In our experience77,78 and that of others,79-81 the sensitivity and predictive accuracy of exercise scintigraphy in identifying patients with multivessel disease is significantly greater than with exercise ECG testing alone. Other implications of being able to localize ischemia include the ability to identify the ischemiaproducing (or "culprit") vessel that might be amenable to PTCA, and the assessment of the viability status of left ventricular segments with major myocardial asynergy at rest.82
Prognostic Value of Predischarge Exercise
20`TI Scintigraphy
Exercise stress-redistribution scintigraphy with 20`TI has been used 3-10 days after the onset of infarction for risk stratification and detection of residual ischemia.5,9,12,14,5,63,83 Because 201'l imaging has been shown to be more sensitive and specific in detecting ischemia than exercise testing alone, it is not surprising that many investigators have shown that planar 201T1 imaging provides highly relevant, In 1983 our group reported on the ability of predischarge exercise 201T1 scintigraphy to predict future cardiac events in 140 asymptomatic patients recovering from an acute uncomplicated MI.5 In this study we examined and compared the results of submaximal exercise treadmill testing, quantitative 20`TI scintigraphy, and coronary angiography. All patients were tested before hospital discharge, and each evaluation was conducted as part of a prospective research protocol rather than for specific clinical indications. During a mean follow-up of 16 months, seven patients died of cardiac causes (five suddenly), nine had recurrent nonfatal MI, and 34 experienced unstable angina pectoris that required rehospitalization. As shown in Figure 10 , 20`T1 scintigraphy was more sensitive than either treadmill exercise testing or angiography in identifying these 50 patients with clinical events. Indeed, the presence of 201T1 defects involving multiple different vascular beds, delayed redistribution in one or more scan segments that showed an initial numerically significant defect, and increased lung uptake detected all but three high-risk patients, including 15 exercise ECG identified only eight of 16 patients (50%) with "hard" events, including three of nine (33%) experiencing reinfarction. In addition, our data showed that 12 of 13 patients (92%) with single-vessel disease who had an event during follow-up demonstrated 201T1 redistribution in the infarct region. Therefore, predischarge scintigraphy was quite useful in identifying this subset of patients with less extensive CAD but who nevertheless had clinically important residual peri-infarction ischemia. Figure 11 depicts event-free survival as a function of time for six different subgroups formed by the submaximal exercise test result, scintigraphic findings, or angiographic extent of CAD. Patient outcome was significantly better when low-risk assignment was made by scintigraphy compared with exercise testing or angiography; this is because 201T1 imaging was more sensitive in identifying patients who subsequently had a cardiac event. In other words, the more optimal prognostic efficiency of exercise scintigraphy partially results from the fact that the error rate in falsely classifying patients as low risk is substantially and significantly smaller with scintigraphy than with stress ECG.
Methodological Aspects and Limitations of 2`T1 Scintigraphy
Disadvantages of Qualitative (Visual) Image Analysis
In many laboratories analysis of 201T1 scintigraphic data is performed mainly by visual analysis. A major disadvantage of this approach is that interpretation of the images is frequently difficult and requires considerable expertise. Variables of photographic reproduction and subjective visual analysis of the analog images are reflected in considerable interobserver and vast intraobserver variability. Moreover, visual inspection of analog 201T1 images does not permit reliable analysis of 201T1 myocardial kinetics; consequently, important potentially available information is not used. The kinetics of 201T1 are different in ischemic myocardium compared with normal myocardium or scar tissue. In normal myocardium or scar tissue, 201T1 activity gradually decreases (washes out) during the time after termination of exercise. In contrast, exercise-induced ischemic myocardium is characterized by accumulation, no change, or abnor-mally slow washout of 20`T1. These differences cannot be readily appreciated by visual inspection alone.
There are at least three important advantages in quantifying regional myocardial uptake and washout of`T1. First, quantitative data analysis reduces reliance on visual interpretation and can be used to develop objective numerical standards. This in turn allows more accurate separation of normal and abnormal studies. Because interobserver and intraobserver variability is less when numerical standards are used, reproducibility is improved. Second, quantitative scintigraphy enhances disease detection in individual coronary arteries and results in improved recognition of multivessel CAD.44-48 Finally, by measuring`Tl uptake on the initial set of postexercise images and characterizing washout from late images, quantitative scintigraphy offers the advantage of more precisely estimating the amount of ischemic myocardium and distinguishing scar from hypoperfused but still viable tissue.
Reliable quantitation of 20`T1 test data requires rigorous quality control, knowledge of potential artifacts, and scrupulous attention to technical details.1,84 In the absence of this, the practicing nuclear physician may be frustrated when using commercially available software for quantitative analysis that can yield seemingly inconsistent results.
Absolute Quantitation of Myocardial Blood Flow Reserve
Unfortunately, absolute quantitation of myocardial blood flow in milliliters per minute per gram of myocardium cannot be obtained with 201T1 and y scintillation techniques. The resolution and sensitivity of the y scintillation camera depends on the depth and distribution of 201T1 activity in the patient as well as on absorption of radiation in the body. Even with tomographic 201T1 imaging techniques, absolute blood flow cannot be quantitated because of difficulties in correcting for attenuation and scatter. Because attenuation of radioactivity is not a problem with positron emitting isotopes, quantitation of myocardial blood flow may be possible with these agents.
Definition of Complete Versus Partial Redistribution
Because evaluation of myocardial viability by 20MT1 depends on reliable determination of redistribution patterns, several issues related to methodology deserve further comment. The first is the lack of a precise definition of complete or partial redistribution.50 Since 1981 we have defined a fixed defect when the count rate from the myocardial region of interest is decreased significantly (>25%) and maintains a constant ratio with a presumed normal myocardial sample over the 2-4-hour imaging interval ( Figure 5A ). Redistribution is considered to have occurred if the ratio of the defect changes toward unity or normalizes in the delayed images ( Figure 4 ). The term "complete" redistribution is often used to describe this phenomenon, but this creates a misconception that the initial perfusion defect completely renormalizes its uptake within a specific length of time. Redistribution is the result of a compartmental exchange of 201T1 that occurs such that uptake in the defect region approaches the uptake of the normal region along an exponential pathway.1 Consequently, there is no specific time in which the redistribution process is complete. In accord with common usage, we have adopted an approximate clinical definition and classified a scintigraphic abnormality as demonstrating complete redistribution if an initial numerically significant defect has proceeded to a numerically insignificant level (i.e., less than 25% relative to a normal segment) on the delayed images taken 2-4 hours after the initial scan. If the defect ratio has progressed toward unity but still manifests a clear significant residual defect in the delayed image, this is termed "partial" redistribution. In either case ischemia is indicated.
Peri-Infarct Ischemia Versus Remote Ischemia Peri-infarct ischemia, which is defined as partial or complete 201T1 redistribution in an area of recent infarction, is frequently observed when exercise imaging studies are performed during the first 3-10 days after acute MI. Whether this finding has the same prognostic significance as redistribution defects in areas remote from the fixed defect because of prior MI is debatable.510, 12, 1463, [85] [86] [87] In the author's experience, peri-infarct ischemia occurs in up to 60% of (Figure 12 ) and is prognostically and therapeutically important with the following: the amount of ischemia is significant (e.g., complete redistribution of at least one scan segment or partial redistribution involving several segments), it is observed in conjunction with increased lung uptake or transient left ventricular dilation, or it is associated with other independent predictors of increased patient risk (e.g., multivessel CAD, moderate or severe left ventricular dysfunction at rest, and electrical instability).
Optimal Time to Obtain Delayed Postexercise Images
Another question related to methodology is the optimum time to obtain the delayed postexercise image to determine whether a defect is in fact tending to normalize or remain fixed.50,88 The numerical values of 20`Tl concentration in various myocardial samples are subject to the limitation of Poisson statistics as well as a number of systematic errors involving, for example, positional reproducibility, nonuniformity, or instability of gamma camera response and the effect of cross talk from tissues outside the sample region.89 The effect of these errors is illustrated in Figure 13 , which assumes a nominal washout rate from the myocardium and error bands determined from reproducibility studies on normal patients.50 The example assumes a moderately large (50%) initial defect in comparison with a totally normal myocardial sample and compares the behavior of the two myocardial segments over time, assuming that the defect is either absolutely fixed or normalizes along the functional path defined by multicompartmental tracer exchange studies. The statistical certainty of being able to determine whether redistribution is present or absent can be estimated; it is poor at 1 hour after injection, best at 2-3 hours, reasonable at 4 hours, and becomes poorly determined at 5 or more hours after injection. This can be appreciated in the example of Figure 13 by noting the extent of overlap of the error band. The sample errors cannot be arbitrarily improved simply by longer imaging integration times to decrease the Poisson statistics because the error bands become dominated by the systematic error component used in our studies and assumed in this model. Therefore, these statistical considerations indicate that the 2-3hour imaging period provides near-optimum statistical certainty for separating myocardial segments that are maintaining fixed defects from those tending to renormalize. It should be emphasized that the defect need not completely normalize to indicate viability. 88 Even if these statistical limitations were not present so that the slightest amount of redistribution could be detected, there still remains the question of how well this would characterize the biological composition of myocardial tissue. A myocardial region with diminished but still-present 201T1 uptake in which there is either partial or no redistribution may frequently represent a complex and very heterogeneous mixture of viable and nonviable tissue.50-54 In this milieu we cannot expect that determination of 2`TlI washout will specify either the exact physiological status of myocardium or predict with certainty its response to revascularization therapies. Therefore, it is expected from both statistical and biological considerations that in the case of severe perfusion defects there will be an inevitable uncertainty in the characterization of the myocardial tissue as either viable or nonviable. The causes of this uncertainty are basic and cannot be removed by any simple means, such as by extending the imaging times.
Clinical Implications of Mild to Moderate Fixed Defects
In some post-MI patients, it may be important to quantitate the amount of residual 20`T1 uptake in the infarct region even when redistribution is not present. Positron emission tomographic studies have demonstr4ted myocardial viability by showing glucose metabolism in some infarct regions where 201T1 redistribution is not demonstrated. In these cases interpretation of the absence of redistribution as indicating the absence of residual myocardial viability would not be correct. Clearly, the sequestration of 201T1 by myocardium requires an intact cell membrane potential, and there is now sufficient data suggesting that partial 201T1 uptake will be observed even in partially scarred myocardium corresponding to regions in which glucose metabolism cati be demonstrated.51-53 In 1983 we showed significant residual viability in myocardial regions with residual 201T1 uptake but no redistribution.50 These positron emission tomographic studies and our own work indicate the need to distinguish between residual viability (residual uptake of 201T1 or residual metabolism) and ischemia (20`T1 redistribution). This distinction may have been blurred by commonly equating redistribution with viability and, by inference, the lack of redistribution with the lack of viability. As previously stated, some fixed defects do contain some viable myocardium. The often-found presence of viable tissue in an infarct zone showing a fixed defect is not at issue. Instead, the questions are: 1) how often does it occur as the only clue to myocardial viability? 2) how significant a clinical impact does it make?88 In a recent review by Brown,90 it was pointed out that prior studies have shown a remarkably consistent lack of prognostic value for defects that are fixed at 2-4 hours, and that the prognostic value of defects that show redistribution at only 24 hours or after reinjection of 20"1f is presently unknown. Because of the possibility of diluting the prognostic value of transient defects by turning fixed defects into transient defects by either late imaging or reinjection, caution has been advised in changing standard imaging protocols.
Prognostic Value of 201T1 Scintigraphy in the Postthrombolytic Patient
The presence of 201T1 redistribution by exercise scintigraphy would be expected to identify patients who have been successfully reperfused and who have a residual high-grade infarct vessel stenosis that is supplying viable myocardium. Whether infarct zone 201T1 redistribution after thrombolysis reliably identifies patients at increased risk for major cardiac events, as it does in other postinfarction subsets, is presently unknown and awaits further investigation.
Summary and Clinical Perspective
Submaximal exercise 20`T1 scintigraphy before hospital discharge is quite helpful in assessing risks for subsequent cardiac events in patients recovering from acute uncomplicated MI. Because of its unique ability to evaluate nutrient blood flow distribution in a specific myocardial region, this noninvasive technique enables us to evaluate the extent of residual ischemia objectively and also to distinguish periinfarction ischemia from remote ischemia. Moreover, the 201T1 stress test provides important physiological information that is complementary to the anatomic information provided by angiography. Our studies and those of others indicate that in patients with similar coronary pathoanatomy, 20`TI imaging can be used to stratify risks that are further based on the presence or absence and extent of inducible myocardial ischemia.
On the basis of available data, patients who show scintigraphic evidence of residual myocardial ischemia at a submaximum heart rate or work load are optimal candidates for intensive or prophylactic medical therapy or for cardiac catheterization and possible PTCA or CABG surgery. Conversely, asymptomatic patients with a single-region persistent 201T1 defect (i.e., no evidence of provocative ischemia) and no increased lung uptake have very little to gain from even a highly effective pharmacological or surgical intervention because their risk for a future cardiac event is quite low. However, such patients are candidates for early rehabilitation and rapid return to productive lifestyles.
